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UNITED STATUES PAT:ENT OFFilCE 
;599,413 
 DII/I-ING MUDRESISTIVITY METEI 
Ful.P:éiehërtz; Ds, Tèx.;igbr, bymësne 
ssiets, toSocony-VcumOfl ' Comny, 
 Icorp0tëd, NéWork,: N.  ., -- coorti«n 
0f New=York 
Appiiction.uary 18, 1950, Seril No. 13928 
«7:Claires.  (C1. 175--183) 
This inventi0nrelaësïgeêlly  he - acos:th6Xëd-Tegistce  and"between the:etec - 
ùremènt Of-Ch«rctestics f:flds:ad 0re ar- todè ad 'a tenti0meter  or varg the mag- 
ticulEy a-meter for mesr:gîfrecflyhe itude0ï the0tëntirfrom-the.potential soce 
speCc 'életrieal regïvï  a :fid such gs to-balane the'.llmeasi'cct. 
liqds collected ïr0m wes r' murs usëd" 'con- 5 :In a:preferred .f0 0ï the invention;a" p0ten- 
necti0n-with'drHlg, timête:cately"alated  tels ofpecc 
There bus "bëen fud "to :be "a 'considerable reitivity0f the:flùld in the celi is uilizedovary 
neëd 0r oation -on  the'electrical pr0perties te :90tetial Irom  the- poténtialoce. 
Of«drilIgmu,:drflligfiUid tras;formtion FOYçïathër bjeets adadvantgges 0f 
waters;andcore samples In intereting dat b- ] Yënon  and 0r -a. :m0re comptete : description 
talned from eleccal  well logg "eehques. thëre0L reerence may" nuw be hd  .the-fbl-low- 
:»ecical Yêsistiy :d Selïpotefittal lgs "gre ig deScriPoEon taken  "counction -Wibh :the 
used:-toexamie roc and formatiuns penetrad acCompag- drawings in .wch: 
by:aborehole and"re- important 'as .an a2d in g« 1- isa  schematic diagm of.the ivetion; 
the.locafi0n -0-sectio...in:a pacular-bore,.or ]5 g. 2:is-a moficafion bf::g. ï; 
wl where  the- production 0f oil :it be ex- g. 3  is"a dëtailed schatic agrm ' .Oï :.the 
pectêfl.-d,just as-imrtant  Wellcomptëtiun meterccuïj  and 
prcfices, the -location of secions where:the pro- g: 4 lsa viëw oï-a rtablemeter incoorat- 
ductl0n  does. 0t appear, possible. In  otag ing thepsent: vention. 
restity:curves,"an -electrode or ètectrodes are 20 "Rëingnow:g. 1,-there,hs been fltus- 
10wëd ïnto a bore hole, cuent- ispassedhere - trateda , Cell:l  contg -a.sample oï liquid: H, 
fm=o:thefoatio,-andu.putëntial dropjdue the:restivity Uf Wch.itis. desed .to aSure. 
fl0w'oftat cuentmeUred. Themud-or The:-mple,.cèll:oEs pmded .:with:cuent. lëc- 
lîquid, : the 'hole .-avoidabty fosa -.part-of trodes i 2  and: i 3and p0tential elecrodes:   and 
the cmntpah--und hhaa dect èffec upon 25 ï . ::The sisçîity 5: the tiqd in::the:cell- 0 
the apparent: or measured  reStWigy. Withut determ '-:by a potentiometric-meémen n 
gUitable coecfionor' the :Carctics-0f the .hich.a.own-crent is caused toow oh 
mud%he ppàrent resisivity may;-anù.ofe does, the" liqui:d etween :he cuent" èlectrodes 
dier co!derabty :.fr0m e :true resiStivity  Vï. I-fl: the potential drop ,across that . porion 0ï 
the f0ations. By'mag such a-corronin 30 theqiqui,between the electrodes, . 
gpprent" resistivitY a major Wable depen- ëffect, measued. 
dent6::ormation is: rémoved. :As ïltustraed,  there :-prOvided a « osdfilator 
In:sèlfïp0ntial :meurements,  if Chas beën  -whose Utput teináls are connecéd  :ë 
fod êmpically-tht - the .GifCoast axea, pra,dingï l-qï :a tra-ormeff-2. Trans- 
sandformfi0 generalyare-CharCtezed:by 'a 35 formera22 is roVided with: two Secondary-w:id - 
negae:sëiftëtiut -àsc0mparè--to-gdja-cent gs, One-.6ï :WiCh,he: sec0ndry .w:dg:2, . 
Shgles. Hower, here -t-he ormatiun ater conected:to the célt .fO. =Moregarticùlary:COn- 
in: te :sand is-less .saIine "gd coequênt5f ductor::coted :from heupper ;el 
lower:resistnce than the  mud-he boref the of :,the :windi/2 -fo «-thecurrent electr0de 
Seif-p0ntial."derêncemay be.positive. 40 ower-terminal 6fwlng 2- coecteoE y 
 Th, there"is apparent the ned: for mud'ad wy 0f condutor:2,:fixed restce;2S, varble 
£0ation-uid:resfitF dta:for interprètati0 restance -:29 ..-a: c0nducr : to :the :ct 
of reistity "dseifp0tentia1 10. eletmde.: :. When,:the scfllar2:O or an-,ëqv - 
/accordancewih the present"vtion;tere alent"Source:f: atternati crent.is: energed, 
is9dëd a gppratusç£or mearg he re- 45 current fiows throgh .the sample-between elec- 
siviy'bf-'q:dcompsesa cctclUd- 0des 2 ndl3. The.matude oï:te.:Cuet 
glîqud Sample cell,::a . fixed.resitance;-aDair is deteed by:the:volage induced wg 
0f:ètë0des ïmersed in  the: Cellnd: meoEor .«.the: resistncès;2S and:.2 9 and :.the-regmtnce 
e0lgthe.current flow::r0ugh:%he circuit, offëred:«y.«the::liqud:in'the ell 
A-U deteCtg :Ccuit:proVidêd forc0mpang 50 ' :The':oututçïr0m  the 0SCillator:.2O .ïs..alSo:c0u - 
the '0tential - dp "aCro %he * xed ".resiStae led byway of»the :Secondary winoEng .to al 
pmdUced :by«the flow 0.'a k0w-n:cut there- dêcr :0r :à'mplër ç6 :y .méa:.0ï,:a :pOn- 
tUgh:d: the nîal.p:beeen,.helec - fi0meterç$:coeted  rëctly acr0ss::the %ermi- 
trflês-%he :cell :d»includes:ase ufDo- sf::trnsf0rmer. secondary.:=With::i. vari- 
têtiloeein:phaSe 0pSi.tion to the potenfiál;d  able tp :connted directlY::by'wayïf condc- 
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3 
tor 4{} to a flrst input terminal of the null de- 
tector 36. Conductor 4 connects the lower ter- 
minal of the potentiometer to a double-pole, dou- 
ble-throw switch 45 and thence by way of con- 
ductor 46 to the second input terminal of the null 
detector 36 and to an electrical ground. 
The null detector 36 and the potentiometer 37 
having a reference voltage from secondary 35 
applied to the terminals thereof is utilized to 
measure or determine, first, the magnitude of 
the current fiowing through the cell {}, and sec- 
ond, the magnitude of the potential drop between  
the electrodes 4 and 5. The above cum'ent and 
voltage measurement immediately suggest an 
Ohm's law calculation of a resistivity functiòn of 
the liquid in the cell {}. As will later be more 
completely explained, the calculation itself is ac- 
complished by proper construction and opera- 
tion of the above-described basic circuit. 
The measurement of the current is accom- 
plished by cormecting the resistor 28 into the in- 
put circuit of the nuil detector 36 with the po- 
tential drop thereacross in phase opposition to 
the potential across the variable portion of the 
potentiometer 37, i. e., between the tap 36 and 
conductor 4. More particularly, conductors 5{} 
anal 5  connected to the terminals of resistor 26 are 
connected to one-pair of terminals of the double- 
pole, double-throw switch 45. When the switch 
is in the left-hand position, the input circuit of 
the null detector 36 includes, in series, the re- 
sistance 23 and the selected portion of the po- 
tentiometer 37.. Thereupon, the position of the 
tap 33 may be varied until a potential point is 
reached that is equal and opposite the potential 
drop across the resistor 23 thereby to produce a 
voltage null in the input circuit of the amplifier 
36 which will be indicated on meter 52. Alter- 
natively, the tap 36 on potentiomeger 37 may re- 
main fixed and resistor 29 varied Changing the 
cell current to produce  similar nuil indication. 
After a flrst voltage null ' bas been obtained, 
switch 45 may be shifted to the right-hand po- 
sition in which the electrodes 4 and 5 and the 
liquid therebetween is in the input circuit of the 
amplifier 36 and in series with the portion of 
the potentiometer 37. More Particularly,. con- 
ductors 55 and 56 connect electrodes 4 and 15 to 
the right-hand terminals of the double-pole 
double-throw switch 45. In effect, the rsist- 
ance of the liquid between electrodes 4 and 5 
is substituted for the resistance 23 as respects the 
input circuit of amplifier 36. Thereupor, Che 
tap 33 of potentiometer 37 may be varied until 
a second null is obtained. The ratio of the values 
of the v01tages tapped off from the potentiom- 
eter 37 for the production of the two voltage nuils 
in the input circuit of the detector 36 is directly 
proportional to the resistivity of-the fiuid con- 
tained in the cell. Thus, regardless of the mag- 
nitude of the current in the cell upon produc- 
tion of a first voltage nuil, the ratio obtained by 
making two nuil meastu-ements and noting the 
voltages required to produce the nulls .(or, the 
ratio of the resistance between the tap 33 and 
conductor 4), a resistivity function for the 
liquid i n the cell may be obtained. 
Fig. 2 illustrates a modification of the Portion 
of the circuit of Fig. 1 by which the voltage from 
the oscillator 2{} is derived for use in the cell 
circuit and in the null indicating circuit. As 
fllustrated in Fig. 2, the twin secondarF trans- 
former 22 of Fig. 1 bas been replaced by a single 
secondary transformer 22'. In this modification, 
the potentiometer 37 is connected across the pri- 

4 
mary of transformer 22' as by conductors 6{} and 
6 . In general, the present invention requires 
only that the voltages used in the cell circuit 
and in the null detecting circuit be of the same 
5 frequency and synchronized; that they are hot 
conductively associated except through the one 
common link necessary for measurement (i. e., 
through resistor 23 or electrodes 4 and 5) and 
that they be mixed in the input circuit of the 
]0-amplifier 36 in phase opposition. If the forego- 
ing requirements are satisfied, any desired source 
and circuit arrangement for production of saine 
may then be used. 
Referring now to Fig. 3, there is illustrated in 
15 greater detail the elements and circuits diagram- 
matically illustrated in Fig. 1. The cell {} may 
comprise an elongated tube of insuiating or non- 
conducting material (illustrated in section) hav- 
ing embedded in the walls thereof the electrodes 
20 25 in the form of metallic rings suitably 
spaced one from the other. The tube {} may 
then be provided with a stopper or plug for the 
bottom to retain liquids therein during measure- 
ment. The inner surface of the electrode rings 
25 conform with the inner surface of the cell cylin- 
der to permit it readily to be cleaned, thus facili- 
tating the operation of the instrument. 
The oscillator 2{} is illustrated as being of the 
resistance-capacitance (RC) type and includes 
30 a pentode 7{} having in the grid circuit thereof a 
resistance-capacitance network including re- 
sistances 774 and condensers 7573. Energy 
from the anode of tube 7{} is fed into the grid RC 
network by way of conductor 79 to provide the 
35 necessary feedback to sustain oscillation. Oscfl- 
lators of this general type and equivalents thereof 
are well kn0wn in the art and may be readily 
constructed by reference to suitable handbooks. 
The frequency of operation is preferably in the 
4o low audio range, for example 100 C. P. S., though 
hot limited thereto. In the particular oscillator 
illustrated in Fig. 3, a rectifier 3{} and the resist- 
ance 6 and condenser 32 stabilize the output of 
the oscillator, acting to regulate or control the 
effective grid bias provided by the bias battery 33 
45 cbnnected in the cathode circuit of the tube 7{}. 
The potentiaI rectified through the diode 3{} in 
the grid circuit of the oscillator tube 7{} is, of 
course, proportional fo the magnitude of the out- 
5O put energy fed into the grid circuit by way of 
conductor 79 ánd is of polarity such as to 
crease the negative bias, i. e., additive with re- 
spect to the battery 33, thereby to dëcrease the 
gain of the tube-7{} When the output thereof tends 
t0 ïncrëase and thus provides a measure of am- 
55 plitude stabili.ation for'the oscillator output. 
The voltage appearing at the tap 33 of the 
potentiometer 37 is coupled by way of conductor 
48 to the input grid of tube 35 of the amplifier 36. 
6 In the modification illustrated in Fig. 3, the am- 
plifier 36 includes tubes 35, 36, and 37, whose 
cath0des are directly coupled in a common cir- 
cuit and connected to the positive terminal of 
battery 33 to be normally biased for amplification 
65 of inpUt signals. Tubes 35, 36 and 37 are of the 
pentode type, each having its suppressor grid 
coupled to its cathode and its anode connected 
by way of load resistor 34 to a source of B-supply 
(B-). The screen grids of tubes 35 and 36 are 
7O cormected :to B-p by way-of screen resistors 
The scrëen grid of tube 37 is connected directly 
to B. The output of the final tube 37is fed to 
a rectifier 33 effectively cormected between the 
anode.92 of tube 37 and ground.- In parallel with 
75 the dinde 3 there is Pr0.v.ided a feedbgc-indi-. 



cafingeirci cOmlrisedof 'resistUr 89, .meter 
nda:-smothing:circuit or filterineluding cbn- 
demers:9and resisor:91. e-ouPut terminal 
oI :reior "1 ::is eoeetëd to g:ound ::hrogh 
resistor 9 'hich fos a. part 0f"therïd im- 
edanee for:túbe'86,  :a.gien: tevel: of 
applïed  tó the input"of =tube«8 , ..the 'Utput of tube 
$T:is Vectifie.:nd a eonstant.eflection apprs 
on meter 2 due to the smooth Ctionof the 
filter c0mDrising, the n'deërs:9" nd :resist0r 
9 I., ,The :tube:»6 :preferbly' is,of he :.rem0te cu 
off=pe so that flow of the:rectified r direét 
current thr0ugh the feedack:resistr:2 pro-duees 
a-biasing:voltage thërecmsS:tiveïn 
in-the:grtd cathode cicait  f :tubé 8$,:ith :the 
bits battefy 8 to:shift, the::operatig point 
the EgIp: eharctestic of"tubW to "a: point 
apDaching eutoff, 
.us, :for high values of inutsil, a:large 
volge is: develope-d across :résitòr :2 and te 
mer 2 is thus prtectëdrom.:ecessie dfléC - 
tions. ?As=a:.practical matér, theapliflCati0n:Of 
the=amplifler  6 s a functîon of :inpu :v01t/ge ïs 
10garithmi-c, being ver: small: $0r .a  Igrge ïnput 
sign-al:and:a maximumwhen" a "voltáge:n-ll S 
pr0dueed-.in.the inpUt eircùit. -Thismêasat 
potenométer.-  r resistor :2 may beïadjute 
for a voltage 'null Ver accurtely, the ëfféCt :o 
such ation at'the Criticalnul] poi.nt :bëing in- 
 eated -with great sensitivity. Tus, te 
cùracy of the instrument is èpëndënt :on]yPon 
the-accura6y" of cabration of:p0tëtiOéer . 
.ïadditi0nto the D.:C. feedback :aove de- 
s6bed, a:econd or :altèrnating.0urrên:fëedb 
reuit:isutilizedbetween .the.áh0de:.92.0I: 
8 çand ïts: gd 9. ergy from :te/àn6de'.:2As 
fed:through :a. parallelzT fllter néW0rk94 
is coupled o .the anode 9.6f tube $6 :andtèee 
by'.way of C0upfing condensèr96 :ad grd.resiatr 
97in the inputof tube . e-pgrallelzT :ff!ter 
nétw0rkis:designed to attenUateïn the feedback 
loop signuIs' of te saine frequency.as toe fr0m 
t.hesource oscillator 2 and  SUsain in te 
backloopall other frequencies. Thus,-te ampli- 
fierhas.a 10w effective pliflcáti0n, due::to :the 
negative feedback, Of-all "fréqUencies :èxdept ..ghe 
desired,signal. 
 The foregoing Utilization 0f tWoseparate:e- 
back :tworks hs the :effeCt 0fmMng:the am- 
plifier ]nsémitive to any:Signal:édept from.the 
soUrce: and permitsthe-apfier to be partie- 
ularIy: sémitiVe to :that -Signal 0y When: a 
age nulI is Droduced in the: amplifier .input ciCuit 
thereof. 
e :eircits itlustratëd .hëein :ánd .ab0ve de- 
sCbed, have been found fo be particularly desir- 
abte4nm-easement of the resistivity of aliqd 
wherei a .flrst v61tuge null-is produced in 
input-on e ampfifier 36 with the p0tëntiomeer 
then: set at-a-value which represents the cùrènt 
flong through the cell i9 adfor 'the deté6ti6n 
of-a sécond-voltage null,-henthepoi6n of te 
fiuid-inthe cell between the electrodes 14 and/ 
replaces the resistor =2$,:by variation 6f te po 
tentometer ' whereby' the ratio-f :the :eadings 
of,the'pontiometèr lisdirectly prop0rtiOal-to 
th-ë resistivity 0f the liqd  in the samplêëll:f. 
If is:to be derstoo, h0wevër, hat 
tire :Speccation :0f-partïculr -c0mp0ënts 
should:not be taken "by way .0f tátion .bat 
ratherareillustrative of 'a particular ëmOd- 
ment that as been found to be desirable. 
.InFig?4 therc h«s been illustrated.e êmb0di- 
ment oï the present invention :as hoSëd .in a 
portable case for use .field"0per.ati0.. If 1 

be=reeognize'd flat-sflie aïid;deltfdable:Sotïréës. 
6f ïver ::::n6t :alsvailble:gt:a :dflt Site 
w:ëre :Sudies of :bre:hOle uid 
drilng «pàrtîéularly :are  çbe::me. The 
5 use:0flowZdrai tùbeS in h e :ciréUis:fllZpèït 
tei.nclúion .f neesy .A and-=B:gtërieS. 
the mëtêr ëe:.àtng With:te cirëuiïpër'e. 
one .emb0dimët  of :te :Venti0n, :te tubës 
and 81 ë ;the 
10 B were 1U4's. For regular .ting 
volt B:batteries and :1 :olt:-battëies Wld 
supNy- the :16ad  reét6d:,by :the êter, :ci.rdi 
for .as longs;:B:monts. :Aeordihgly,--fe:-nit 
illustrerez: ,fn :-F.ig. - : ,bën:"fòU d:-0::tfy"x - 
1-5 istig- fleld'eeds. 
If is,tobe n0tedhat' teell .I.,çg.;4,:.,s 
ut the loer ed «w.ith-, t0per 0r :Plug .(t 
sh-on) ëurie«d -b the:adleq:to.elSe the 
10wer. ënd- 0fVheçeell and. muin liqaidg.hérein. 
0 for the. period :daig «w.hiéh te: meusareèfit..is 
condted, :also, :the -foar. ele6rodes emedd 
 the Wutls o$the::eell I. 
nt:in:oúr':ntaëtSçOf-. -mti:eeterminal plug 
I  I..A c0mp!ëmentury-ptug. 2 is oeried 0n the 
5 surface 'or .he e:of :the metërSo-.thut :the' céil 
I  may:redfl-d Covëénly bëplagged 
into. s illsatêd,:the :eeeiWng plug-102ç- 
oriented tht "laë:the:mëter -is:plcgfl ïn the: 
right, p0sitio:n .-the :ell :- I' uy be "'.Dluge:fl i" 
3o ùprght. Iths éën f6d 
convenient to:ïaelude-..Sëë6nd-.muliegminàl;re- 
ceiving plag electicy:pgltel to 
nd oriented so .th-t :.the-mCer -may be plcgd 
face up with .th'e Cell .vertieul. :The.l.id 0r eover 
:»5 I for the meter is pmvided ih-sigbleê0m - 
pa.tmen -(t-.-0wn)tor torage 'of .the 
cell  0 hen 
There" wîll :.6w :e :deseribed :the mn:ner- 
pering "he ïtme Wih ::partiealr rèfer- 
.]0 ece to'ig..:3.- In Suèh ;muring-itmment, 
i .is ' dCîrbÂe -hgt :h'e :rëuding 0f- the :i'ible 
prumetër or .aïle -ComDnefit of the cireùit 
be .eulibrue rd.ireétlY.4n'tës:6f:..Specïflc resis- 
îivity .of'-the lïqdnder-meaSugèmet or, 
.5 h:e Oh:raTs :Igw utèutaiOn, erei.nbefore 
tioned,:.e perfomed:by he: instrument. In; the 
prês6nt :ëUSe,.:tNis :y :rèudily:be..uceomplisdd 
prêulurly if:the-p6tëntimëtër:. is .reëiSion- 
bùilt, idezrge.:tlegr.tt0UghOt i:nge 
5o or - not liner then,- uëeurêlY:eùlirated.., one 
unit of this :ype ïs omereïy :a#il/ble uder 
the trade nme 0f 'Hélî9o"::mnufuêtùrëd 
sold by Theet 
fomiu. 
55 The insm-t.,is cbrted by.the:foll6wig 
steps. A -soIion 0f 0Wn .-pëëie :restiYit 
suëh as :sodim.clrïde, 
pharic :ueid, etc., : is :.DluCed .:ïn:te ?eell I. 
speeific -reistivity .of sch..slui0s 6r  :girl 
0 tempëuture :muy be :déteminëd by refèrenee to 
hundoks. With the solution of own resitiVi- 
ty in the eelt, :the switch: :.iewed . in -ig. 
is :Dtaced i the pperDOion So tat=te :elee- 
trodes. I, Ud :¢.re in :the:e input.eicit 
5 mffler' 6..The,oscfll/tor:'- ,is::then , enerffïZ 
fo: euUse =ltemueing: cmët :tofiow:.throU$h  re 
sistunce:28 nd-S und the :eell ". oEf.thé 
tentioëtr or" "Helife:'Tïs :rauted: in  
bers, 'f0r:«ek./mple,'r6 .1 ;000,::the 
70 d]uStedso thut:tepoentioeteredïng:do 
sponds:n.ùmerieuywith:the 
the -sndùrd  fluid, pluèed .in the eéll. There- 
ufter,"the.$esist0r:2S is vried:unil::u.:n.ull:.reud- 
ing.is:i.fiaited :oner;. : Sïteh; =is =thën 
75 moed:t0 e-,lowêr-poition,:91he2ng the resit- 



ance 20 in the input circuit of amplifier 36. 
The tap 36 on potentiometer 37 is thenvarieduntil 
a second null is noted on meter 59. The numeri- 
cal value of the potentiometer reading corre- 
sponding to the associated second null indica- 
tion is then noted. This second null reading will- 
then be the meter base or the starting point for 
all subsequent tests using the particular cell in 
the measurernent of liquids of unknown resistivity 
tobe placed in the cell! 0. 
For example, once the above calibration has 
been performed and a meter base obtained, the 
measurement of the specific resistivity of an "un- 
known" liquid is accomplished as follows. The 
potentiometer 35 is set at the meter base as 
above determined upon calibration. The un- 
known liquid is placed in the cell I{, switch 45 
is moved to the lower position, placing resistance 
95 in the input circuit of amplifier 36 and re- 
sistance 99 is then varied untfl a null is observed 
on meter 59. The cell current flowing at such a 
null position is the same magnitude as the cur- 
rent flowing through the standard solution in the 
calibration of the instrument. Thereafter, the 
switch 45 is moved to the upper position and the 
potentlometer varied until a second null is noted. 
The null reading of the potentiometer setting cor- 
responds numerically with the speciflc resistivity 
of the unknown mud sample placed in the celh 
Though the invention bas been illustrated 
by the above modifications thereof, it is to be 
understood that further modifications within the 
scope of the appended claims may now suggest 
themselves to those skilled in the art. 
What is claimed is: 
1. A system for measuring the resistivity of  
liquid comprising a circuit inclucling a cell con- 
taining said liquid, a flxed resistance, a source 
of alternating current and a variable resistance 
for controlling the magnitude of the current in 
said circuit, means for determining the adjnst- 
ment of said variable resistance at which a pre- 
determined current flows through said cell com- 
prising a null detector having in ifs input circuit 
said flxed resistance and a potentiometer in 
clrcuit with said source, only a predetermined 
portion thereof being effective in said input cir- 
cuit so that a voltage of predetermined magni- 
rude is in phase opposition to the potential across 
sald flxed resistance whereupon flow of said cur- 
rent of predetermined magnitude will produce 
a voltage nuil .in said input circuit, means for 
replacing said flxed resistance in said input cir- 
cuit by a portion of the liquid current path in 
said cell whereby variation of said potentiometer 
changing said predetermined portion produces a 
second voltage null in said input circuit, the ratio 
of said predetermined portions of said potentiom- 
eter corresponding with said voltage nulls being 
proportional to the resistivity of the liquid in 
said celh 
2. A system for measuring the resistivity of a 
licluid comprising a circuit including a cell con- 
tainlng said liquid, a fixed resistance, a source 
of alternating current and a variable resistance 
for controlling the magnitude of the current.in 
said circuit and through said cell, means for de- 
termining the adjnstment of said variable re- 
slstance at which a predetermined current fiows 
through said cell comprising a null detector hav- 
ing in its input circuit said fixed resistance and a 
source of potential of predetermined magnitude 
and in phase opposition to the potential across 
said fixed resistance whereupon fiow of said cur- 
faut of predetermined magnitude will produce a 

8 
null in said input circuit, means for replacing 
. said fixed resistance in said input circuit by a 
portion .of the current path in said cell and 
means for varying said potential from said pre- 
5 determined value to produce a second voltage 
nuil in said input circuit whereby the ratio of 
said potentials corresponding with said voltage 
nulls is proportional to the resistivity of the 
llquid in said cell. 
10 3. A system for measuring the resistivity of a 
liquid adjacent four spaced apart electrodes 
which comprises a current circuit including a 
source of altrnating current, a resistance and 
two of said electrodes connected in series for flow 
15 of current through the liquid between said elec- 
trodes, a nuil detecting circuit including in the 
input circuit thereof said resistance and a source 
of potential in phase opposition to the voltage 
across said resistance, means for varying the 
20 magnitude of said potential fo produce a null in 
said input circuit as a measure of said current, 
means for replacing said resistance in said input 
circuit with the second pair of electrodes and 
the fiuid therebetween to produce a second null 
25 upon variation of said potential as a measure of 
the voltage drop across said liquid, whereby the 
ratio of said potentials at said two nuils is pro= 
portional to the resistivity of said liquid. 
4. A licluid resistivity meter comprising a four 
30 electrode sample cell, a resistance and a source 
of alternating current connected in series with 
the extreme electrodes of said cell for flow of cur- 
rent through the fiuid therein, a potentiometer 
and a null detector connected in series circuit 
35 with said resistance, a source of reference volt= 
ages connected across said potentiometer in out- 
of-phase relation to the voltage across said re= 
sistance due fo fiow of said current for producinï 
a first voltage null in said series circuit by varia- 
40 tion of said potentiometer, and switching means 
for connecting said potentiometer and said nuil 
detector in circuit with the intermediate elec= 
trodes of said cell and the fiuid therebetween for 
producing a second voltage null upon further 
variation of said potentiometer whereby the ratio 
45 of the value of said potentiometer settings at said 
null is proportional tothe resistivity of sald fluid. 
5. In a system in which an alternating current 
from a single frecluency source traverses a circuit 
including in series a resistance and licluid 
50 tween a pair of current electrodes, means for 
measuring the resistivity of said licluid whlch 
comprises an amplifier having a potentiometer 
in ifs input circuit and an output circuit, a source 
55 of alternating current potential of said freciuency 
connected across said potentiometer, a second 
pair of electrodes positioned in the path of cur- 
rent flow in said liciuid, switching means for sec 
lectively including in said input circuit said re- 
60 sistor or said licluid between said second pair of 
electrodes for nuiling the voltage drops there= 
across by variation of said potentiometer to re- 
duce fo zero the signal input to said amplifier, a 
negative feedback circuit connected to said out- 
ç5 put circuit responsive fo the amplifier signal out- 
put for reducing the gain of said amplifier when 
said input signal is hot zero, and fllter means for 
selectively attenuating all freciuencies in said 
amplifier except that of said single frequency 
ï0 source whereby said system has high sensitivity 
exclusively to the frequency of said source af said 
null points only and means connected to said 
output circuit for indicating the null adjustment 
of said potentiometer. 
75 6. A system for measuring the resistivity of a 
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liquid which comprises four electrodes immersed 
in said liquid, a voltage source connected to a first 
pair of said electrodes for driving an alternaing 
current of controlled frequency through said 
liquid, a resistance in circuit with said firit pair 
of electrodes, means for determining the mgni- 
rude of said current and the potential drop be- 
tween the second pair of said electrodes including 
an amplifier having an output circuit and an in- 
put circuit which includes means for deriving an 
alternating current voltage from said source, a 
potentiometer, and means for selectively includ- 
ing either said resistance or said second pair of 
electrodes with fe potential thereacross in phase 
opposition to the potential across Said poten- 
tiometer.whereby variation of said potentiometer 
produces a voltage null in said input circuit, a 
direct current feedback circuit for increasing the 
overall gain of said amplifier as said null point ii 
approached by variation of said potentometer, 
and an alternating current negative feedback 
current having means for sustalning in said feed- 
back circuit all frequencies except those from 
said source to permit high sensitivity ai said null 
only to the frequency of said source, and an Indi- 
cator connected in the output circuit for detect- 
ing said null. 
7. A system for measuring the resistivity of a 
liquid which comprises a multi-electrode cell 
containing said liquid immersing the electrodes of 
said cell, a voltage source of predetermined fre- 
quency for driving an alternatng current through 

10 
the liquid between a selected pair of said elec- 
trodes, null means for measuring the potential 
drop across a portion of said liquid between a pair 
of said electrodes different than said selected pair 
5 in the current flow path and including said volt- 
age source connected in phase opposition to sàid 
potential drop, an amplifier, means for applying 
to the input oï said amplifier the unbalance out- 
put voltage from said null circuit, rectifying 
10 means in the output of said amplifier, indicating 
means and a direct current feedback path in cir- 
cuit with said rectifier for controifing the gain of 
said amplifier as an inverse function of said un- 
balance signals, an alternating current feedback 
15 path having means therein for eliminating sig- 
nals of the frequency of said source and for sus- 
taining all other signals effectively to reduce the 
amplification of said amplifier to all signals ex- 
cept from said source whereby the sensitivity of 
20 said system is high ai said null points exclusively 
with respect to signals of said frequency. 
PAUL P. IEICHEPTZ. 
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